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Ara h 8 sIgE assay is not able to discriminate peanut-allergic 
patients but can be used to evaluate possible cross-reactions 
to birch pollen with a low risk of anaphylaxis. The best diag-
nostic strategy is to first determine the Ara h 2 sIgE level and, 
if negative, evaluate Ara h 8 sIgE.  Conclusions:  We propose 
an algorithm for a better use of peanut component sIgE im-
munoassays that should improve their diagnostic value and 
avoid unnecessary OFC.  © 2016 S. Karger AG, Basel 

 Introduction 

 Peanut allergy is one of the most frequent food aller-
gies capable of eliciting severe reactions in childhood, 
with an increased prevalence over the years  [1] . Disease 
onset generally occurs within the first years of life and 
spontaneously resolves in only 15% of patients  [2] . Aller-
gic reaction to this allergen is associated with fatal ana-
phylaxis  [3, 4] . Therefore, as peanut intake is common in 
Western countries, a profound change in dietary habits is 
required for allergic patients, with an impact on their 
quality of life  [5–8] . Currently, oral food challenge (OFC) 

 Key Words 

 Peanut allergy · Pediatric allergy · Ara h 2 · Ara h 8 · 
Diagnostic tests · Food allergy 

 Abstract 

  Background:  Peanut allergy is one of the most severe food 
allergies in children. The diagnostic gold standard is the oral 
food challenge (OFC). However, OFC has inherent risks and 
is time consuming. The measurement of specific immuno-
globulin E (sIgE) to peanut components in blood detects 
peanut sensitization, but the decision point predicting al-
lergy is still unclear. The aim of this study was to determine 
the diagnostic value of these tests for the evaluation of child 
peanut allergy.  Methods : In this retrospective study, 81 chil-
dren were referred for peanut allergy. The diagnosis of pea-
nut allergy was based on the clinical context and a positive 
OFC. Levels of sIgE against whole peanuts or peanut com-
ponents (Ara h 2 and Ara h 8) were determined by immuno-
assay.  Results:  The Ara h 2 sIgE assay has the best negative 
predictive value (0.93) and positive predictive value (1) at a 
cutoff of 0.1 kU/l. Ara h 2 sIgE titers can predict the risk of 
anaphylaxis (<0.44 kU/l, low risk; >14 kU/l, high risk). The
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is the gold standard for the diagnosis of peanut allergy. 
Furthermore, OFC allows evaluation of the food amount 
that triggers anaphylaxis  [9, 10] . Laboratory tests measur-
ing the serum levels of specific immunoglobulin E (sIgE) 
directed against whole-peanut protein extracts have been 
used to evaluate peanut sensitization. However, even 
when combined with skin tests, these assays are not able 
to accurately diagnose peanut allergy and evaluate the 
risk of anaphylaxis because of a lack of sensitivity and 
specificity  [11, 12] .

  Component sIgE immunoassays have been proposed 
to improve the diagnosis of allergy. Notably, they are 
meant to better categorize patients into groups with dif-
ferent prognoses, i.e. those at a low or high risk for ana-
phylaxis. Regarding peanut allergy, Ara h 2, a storage 
protein also referred to as conglutin, has been identified 
as a major allergen  [13–15] . Another peanut allergen, i.e. 
Ara h 8, a so-called pathogenesis-related protein (PR-
10), is associated with mild peanut-induced reactions 
and cross-reacts with other PR-10 such as birch pollen 
protein Bet v 1  [16] . The diagnostic value of these com-
ponent sIgE immunoassays, and notably their role in the 

diagnostic strategy, requires more thorough investiga-
tion  [17, 18] .

  We aimed to assess the possibility of predicting severe 
peanut allergy, as well as the diagnostic accuracy values
of whole-peanut and peanut component sIgE immuno-
assays, by studying a cohort of children referred to our 
center for peanut OFC, and to propose a diagnostic strat-
egy to guide the evaluation and interpretation of whole-
peanut and peanut component sIgE.

  Patients and Methods 

 Study Design 
 Eighty-one children referred to the Pediatric Department of 

Rouen University Hospital for investigation of peanut allergy were 
included in this retrospective study. This study was approved by 
the Research and Ethics Committee of Rouen University Hospital 
under the reference E2014-15.

  The inclusion criteria were: (i) referral to the tertiary allergy 
center for peanut OFC and (ii) serum measurement of sIgE against 
whole peanut and Ara h 2 and Ara h 8 components. The diagnosis 
of peanut allergy was based on: (i) a documented self-reported im-
mediate reaction to peanut and a positive OFC, (ii) a recent severe 

 Table 1.  Characteristics of the population grouped into peanut-allergic and tolerant patients

Total Allergic Tolerant

Patients 81 48 33
Mean age ± SD, years 7.7 ± 4.4 7.6 ± 4.3 7.7 ± 4.7
Male gender 60 31 29
Polyallergy 50 36 14
Asthma, n (%) 11 (13.6) 6 (12.5) 5 (15.1)
OFC clinical reactions (<50 mg)

Urticaria 3 0
Angioedema 2 0
Rhinoconjunctivitis 2 0
Frequent coughing, wheezing 1 0
Important abdominal pain and repeated vomiting 1 0
Hypotension 0 0

OFC clinical reactions (>50 mg)
Urticaria 30 0
Angioedema 29 0
Rhinoconjunctivitis 20 0
Frequent coughing, wheezing 8 0
Important abdominal pain and repeated vomiting 5 0
Hypotension 5 0

OFC clinical severity
No clinical reaction 33 0 33
Mild clinical reaction 33 33 0
Severe clinical reaction 15 15 0

 Values are presented as numbers unless otherwise stated.
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anaphylaxis reaction after peanut feeding associated with a posi-
tive peanut prick test, and obviously no OFC. Clinical data were 
recorded and the patients were diagnosed as proven peanut aller-
gic or tolerant.

  Oral Food Challenge 
 The OFC was performed as an open challenge test with peanut 

oil and homogenized fresh peanuts in a hospital environment. The 
use of antihistamines had been suspended 7 days prior to the chal-
lenge. Amounts of peanut oil equal to 5 ml and peanut protein 
equal to 50, 100, 250, and 500 mg and 1, 2, and 4 g were given 
orally every 20 min  [19] . The test was monitored and clinical reac-
tions were evaluated. The OFC test was scored as positive and 
stopped if objective clinical reactions such as urticaria, angioede-
ma, rhinoconjunctivitis, frequent coughing, wheezing, important 
abdominal pain with repeated vomiting, and hypotension were 
observed  [20] . The patients remained under clinical supervision 
for at least 2 h after the end of the challenge.

  As proposed by the European Academy of Allergy and Clini-
cal Immunology (EAACI) Task Force on Anaphylaxis in Chil-
dren, patients with a clinical reaction of at least 2 organs, regard-
less of the amount of peanut ingested, or patients with clinical 
reactions after ingestion of less than 50 mg of peanut after the 
OFC, were classified as having a severe peanut allergy  [21] . Pa-
tients with a clinical reaction of only 1 organ after ingestion of 
more than 50 mg of peanuts were classified as having a mild pea-
nut allergy.

  sIgE Immunoassays 
 All samples were analyzed using ImmunoCAP (Phadia, Swe-

den) for IgE reactivity to whole peanut, Ara h 2, and Ara h 8. Twen-
ty samples were analyzed for IgE reactivity to Bet v 1. 

  Statistics 
 The nonparametric Mann-Whitney U test was used for com-

parisons between peanut sIgE titer means. The Youden index (sen-
sitivity + specificity – 1, target >0.8) was used to evaluate the ac-
curacy of biological tests compared to clinical diagnosis and OFC. 
Sensitivity, specificity, negative predictive values (NPV), and pos-
itive predictive values (PPV) were evaluated for each test and com-
pared with clinical diagnosis and OFC. They were determined at 6 
different cutoff levels, i.e. 0.10 kU/l, corresponding to the detection 
threshold of the method; 0.35 kU/l, which is the currently admitted 
threshold for clinical relevance  [22] , and 0.5, 1, 5, and 15 kU/l. A 
receiver operating characteristic (ROC) curve was used to evaluate 
the positive threshold. Data were analyzed using Prism software 
(version 6.01, GraphPad, USA).

  Results 

 Patient Characteristics 
 Eighty-one (74% boys) children and adolescents 

were included in this study ( table 1 ). Most of them (n = 
50; 62%) had a diagnosis of polyallergy (at least 1 con-
firmed allergy to other allergens) and 13.6% had devel-
oped asthma. The OFC confirmed a peanut allergy in 

48 patients (peanut-allergic group), whereas the re-
maining 33 children were peanut tolerant (peanut-tol-
erant group;  fig. 1 ). Five patients were diagnosed as pea-
nut allergic without performance of an OFC. Within 
the peanut-allergic group, 69% were classified as se-

– Patients under 18 years of age
– Referred for peanut allergy diagnosis
– Whole-peanut, Ara h 2, and Ara h 8 sIgE
   immunoassay performed

Allergic patients
– OFC positive 

or
– Characteristic allergic

clinical reaction

Tolerant patients
– OFC negative

Mild clinical
reaction

Severe clinical
reaction

n = 81

n = 33 n = 48

n = 33 n = 15

n = 187

  Fig. 1.  Summary flowchart for patient selection. 
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  Fig. 2.  ROC curves for peanut sIgE immunoassays. Whole-peanut, 
Ara h 2, and Ara h 8 sIgE titers were compared between tolerant 
and allergic patients to evaluate sensitivity and specificity at differ-
ent thresholds. The ROC curve (sensitivity vs. 100 – specificity) 
was calculated from these results. 
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verely peanut allergic and 31% were classified as mildly 
peanut allergic.

  Accuracy of the Whole-Peanut, Ara h 2, and Ara h 8 
sIgE Evaluation 
 The whole-peanut sIgE immunoassay sensitivity was 

100% for an sIgE cutoff level of 0.1 kU/l, associated with 
an NPV of 1.00, and it then decreased for higher cutoff 
values ( table  2 ). Accordingly, the specificity increased 
from 56 to 100%, and the PPV from 0.7 to 1.00, when 
the cutoff levels were raised. The Youden index reached 
its maximum value, i.e. 0.7 for a cutoff of 1.00 kU/l. Con-
sistently, the best diagnostic value of the test, as deter-
mined based on the ROC curve and the Youden index, 
was found for the cutoff of 1 kU/l ( fig. 2 ).

  The best result for Ara h 2 sIgE was obtained for a 
cutoff value of 0.35 kU/l, yielding a Youden index of 0.94 
and a specificity, sensitivity, PPV, and NPV of 100 and 
94.4% and 1.00 and 0.93, respectively ( fig. 2 ).

  The Ara h 8 sIgE sensitivity decreased from 36.11 to 
5.56%, and the specificity increased from 84 to 100%, 
when the cutoff values increased, with PPV ranging 
from 0.97 to 1 and NPV from 0.48 to 0.42 ( table 2 ). The 

Probable peanut allergy

Low clinical suspicion

Ara h 8 sIgE assay

Probable cross-allergy

Strong clinical suspicion

• Evaluate other peanut allergen sIgE:
           º Whole peanut
           º Ara h 1, Ara h 3, Ara h 6, or Ara h 9
• If necessary, an OFC may be performed

OFC to evaluate the level
of peanut allergy

Probable absence
of a peanut allergy

Oral syndrome/birch pollen
allergy suspected

OFC to evaluate the
level of peanut allergy

Peanut allergy suspected

Ara h 2 sIgE assay

Positive

Positive Negative

Negative

 Table 2.  Performance evaluation of sIgE immunoassays against 
native and component peanut

sIgE Thresh -
old, 
kU/l

Sensi-
tivity,
%

Speci -
ficity,
%

PPV NPV Youden’s 
index

Whole peanut 0.10 100.00 56.00 0.77 1.00 0.56
0.35 97.22 72.00 0.83 0.95 0.69
0.50 94.44 76.00 0.85 0.90 0.70
1.00 86.11 84.00 0.89 0.81 0.70
5.00 63.89 100.00 1.00 0.66 0.64

15.00 36.11 100.00 1.00 0.52 0.36

Ara h 2 0.10 94.44 96.00 0.97 0.92 0.90
0.35 94.44 100.00 1.00 0.93 0.94
0.50 75.00 100.00 1.00 0.74 0.75
1.00 63.89 100.00 1.00 0.66 0.64
5.00 38.89 100.00 1.00 0.53 0.39

15.00 25.00 100.00 1.00 0.48 0.25

Ara h 8 0.10 36.11 84.00 0.76 0.48 0.20
0.35 30.56 84.00 0.73 0.46 0.15
0.50 27.78 84.00 0.71 0.45 0.12
1.00 22.22 92.00 0.80 0.45 0.14
5.00 13.89 96.00 0.83 0.44 0.10

15.00 5.56 100.00 1.00 0.42 0.06

Combination of 
sIgE assays (fig. 3) – 100.00 96.00 0.97 1.00 0.96

  Fig. 3.  Algorithm for the evaluation and interpretation of whole-peanut, Ara h 2, and Ara h 8 sIgE immunoassays. 
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Youden index ranged between 0.06 and 0.20. While this 
immunoassay was clearly of a lower diagnostic value 
than the other two tests, its best result was obtained at 
the cutoff of 0.1 kU/l, yielding a Youden index of 0.20 
( fig. 2 ).

  Ara h 8 sIgE and Cross-Sensitization 
 IgE reactivity against the PR-10 Ara h 8 protein is as-

sociated with cross-sensitization with the birch pollen 
protein Bet v 1 [16]. Twenty children were tested for Bet 
v 1 sIgE because of suspicion of an associated birch al-
lergy. Twelve of them were found to be positive for Bet 
v 1 sIgE and they were also positive for Ara h 8 sIgE. 
After the OFC, 8 of these 12 Bet v 1 sIgE-positive pa-
tients were clinically diagnosed as peanut allergic and 
were therefore considered to be cross-allergic. Recipro-
cally, the remaining 4 patients who were positive for 

Ara h 8 sIgE but not peanut allergic according to the 
OFC were considered to be only cross-sensitized but 
not cross-allergic. It should be mentioned that OFC-
defined nut allergy was significantly more frequent 
(60%) in Ara h 8 sIgE-positive patients than in Ara h 8 
sIgE-negative (22%) ones.

  Diagnostic Strategy 
 Used alone, the Ara h 2 sIgE immunoassay had the best 

diagnostic value as determined by the Youden index (0.94). 
However, we hypothesized that the use of this test sequen-
tially, in case of negativity, with Ara h 8 sIgE and whole-
peanut sIgE immunoassays, might improve their diagnos-
tic value. Indeed, use of the decision tree shown in  figure 3  
improved the diagnostic performance (Youden index = 
0.96). This strategy augments the sensitivity of the immu-
noassay to 100% and provides the best specificity (96%).

0
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  Fig. 4.  Relationship between whole-peanut and component sIgE 
immunoassay titers and clinical reactions. Comparison of whole-
peanut ( a ), Ara h 2 ( b ), and Ara h 8 ( c ) sIgE titers between mild
(n = 33) and severe (n = 15) clinical reactions of peanut-allergic 

children (mean ± SEM).  d  Ara h 2 sIgE titers were compared be-
tween mildly and severely allergic patients to evaluate the sensitiv-
ity and specificity at different thresholds. The ROC curve was cal-
culated from these results. 
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  sIgE Concentration Level and Clinical Reaction
during OFC 
 In an attempt to predict the risk of anaphylaxis, we 

analyzed the relationship between the clinical reaction 
during an OFC and the titers of Ara h 2, Ara h 8, and 
whole-peanut sIgE. While Ara h 8 failed to categorize pa-
tients according to this risk, the titers of Ara h 2 and 
whole-peanut sIgE allowed accurate discrimination of 
high-risk children ( fig.  4 ). Of note, following the pro-
posed diagnostic strategy ( fig. 3 ), Ara h 2 sIgE-negative 
patients who were positive for Ara h 8 sIgE were found to 
only develop oral syndrome reactions.

  Finally, we evaluated within our series of peanut-aller-
gic children the Ara h 2 sIgE cutoff value that was able to 
discriminate patients with mild or severe clinical reac-
tions. The ROC curve analysis revealed that allergic chil-
dren with Ara h 2 sIgE titers <0.44 kU/l had >95% prob-
ability of developing a mild clinical reaction, whereas 
those with titers >14 kU/l had >95% probability of a se-
vere clinical reaction ( fig. 4 ).

  Discussion 

 This retrospective study evaluated the cutoff value of 
whole-peanut, Ara h 2, and Ara h 8 sIgE immunoassays 
in children who were referred for peanut allergy to a ter-
tiary pediatric allergy center. Biologic assays were com-
pared to OFC conducted as recommended  [20] . In addi-
tion to accuracy values, test performance was also as-
sessed using the Youden index and an ROC curve. Even 
at the best cutoff value of 0.5 kU/l, whole-peanut sIgE 
used alone appeared to be of a low diagnostic value, 
yielding a maximal Youden index below 0.80, with poor 
specificity and PPV. We conclude that it cannot reason-
ably be retained as an accurate tool to discriminate pea-
nut allergy from tolerance, consistent with previous re-
ports  [12, 23–25] . At a cutoff of 0.35 kU/l, the Ara h 2 
sIgE immunoassay was acceptable, with a Youden index 
of 0.94 and a PPV of 100%, in line with recent results  [17, 
26–28] . Thus, Ara h 2 sIgE immunoassay should be the 
first biological test performed for the diagnosis of peanut 
allergy.

  The involvement of PR-10 such as Ara h 8 in severe 
peanut reactions is still a topic of debate  [16, 17] . How-
ever, oral syndrome has commonly been reported with 
PR-10 and cross birch or hazelnut allergy  [29] . The pres-
ent study underlined that Ara h 8 sIgE was not useful for 
the diagnosis of peanut allergy when used alone but 
could be valuable when measured secondarily in case of 

Ara h 2 sIgE negativity. In this series, all Ara h 8 sIgE-
positive patients were also positive for Bet v 1 sIgE, sug-
gesting that the assessment of only one PR-10 may be 
sufficient. Therefore, it is reasonable to restrict the use 
of Ara h 8 or Bet v 1 sIgE immunoassays to oral syn-
drome or suspicion of cross-allergy in patients negative 
for Ara h 2 sIgE. 

  Few studies have evaluated the role of sIgE titers in 
peanut allergy  [18] . Therefore, we next investigated 
whether the titers of whole-peanut and component sIgE 
could inform as to the risk of anaphylaxis and determine 
the cutoff values to predict this risk. The results revealed 
that peanut-allergic children with Ara h 2 sIgE titers 
<0.44 kU/l under OFC have a mild peanut allergy and 
are at a low risk for anaphylaxis, while those with titers 
>14 kU/l develop, under OFC, a severe peanut allergy 
and are exposed to a higher risk. These results show a 
possible relationship between Ara h 2 sIgE titers and 
clinical reactions in patients. Similarly, Klemans et al. 
 [30]  demonstrated a relation between Ara h 2 sIgE titers 
and the dose response to the peanut allergen during an 
OFC.

  Together, these observations support the proposal of 
the decision tree presented in  figure 3  for our popula-
tion: the best Youden index (0.96) was obtained for this 
strategy, including an excellent PPV (0.96). Further, we 
demonstrated that Ara h 2 sIgE titers could predict the 
clinical reaction after an OFC and, therefore, the risk of 
anaphylaxis. Following this flowchart, children with 
negative Ara h 2 and positive Ara h 8 sIgE immunoassays 
had a high probability of only developing a weak clinical 
reaction in contact with peanut. However, various other 
peanut components not evaluated herein, such as Ara h 
9 in Mediterranean countries, could be clinically rele-
vant allergens  [31, 32] . That allergen was not tested here 
since our study focused on a pediatric cohort located in 
the north of France, and therefore Ara h 9-positive pa-
tients were unlikely to be encountered. These regional 
variations suggest that diagnosis algorithms may require 
optimization for distinct geographical regions  [17, 33] .
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